INTRODUCTION
============

The incidence of most common allergic diseases, such as bronchial asthma, allergic rhinitis and atopic dermatitis has increased in many Western and developing countries in the past decades.[@B1],[@B2] It has been reported that sensitization to indoor allergens is a main factor for the development of airway hypersensitivity among allergic subjects who are genetically susceptible to having immunoglobulin E (IgE)-mediated responses.[@B3] A strong genetic association with asthma has been supported by studies on families and twins, and many genes have been identified or are suspected to be involved in the pathogenesis of asthma.[@B4],[@B5] These patients are characterized by elevated levels of serum total IgE and allergen-specific IgE antibodies against a wide range of allergens.[@B6] The occurrence and severity of allergic symptoms are associated with exposure to environmental allergens.[@B7] The most predominant indoor allergens in tropical and humid areas are house dust mites, and the 2 most common house dust mites implicated in allergy are *Dermatophagoides pteronyssinus* (*D. pteronyssinus*) and Dermatophagoides farinae (*D. farinae*).[@B8] At least 23 allergenic components have been identified in house dust mites.[@B9] Among these allergens, more than 80% of mite-allergic children with asthma have positive skin test responses to group 1 (Der p 1) and group 2 (Der p 2) allergens.[@B10] In particular, Der p 2 is a major allergen, and it has been reported that 79.2% of patients with allergic asthma and/or rhinitis have specific IgE to Der p 2.[@B11]

It has been reported that 80% of asthmatic children in Taiwan are sensitive to *D. pteronyssinus*.[@B12] MD-1 {encoded by the LYMPHOCYTE ANTIGEN 86 (*LY86*) gene} and MD-2 {encoded by the LYMPHOCYTE ANTIGEN 96 (*LY96* gene)}have been reported to play important roles in the Toll-like receptor (TLR) 4 signaling pathway.[@B13] It has also been suggested that *MD-1* and *MD-2* are involved in the development of inflammation and atopic disease.[@B14],[@B15] Recently, the promoter polymorphism of *MD-1* has been reported to be associated with mite-sensitive allergies possibly to be a susceptible gene for asthma.[@B16] However, the role of MD-2 has yet to be elucidated. Der p 2 has structural homology with MD-2 protein,[@B17] the lipopolysaccharide (LPS)-binding component of the TLR-4 signaling pathway. Der p 2 also has functional homology with MD-2 protein, facilitating signaling through direct interactions with the TLR-4 complex and reconstituting LPS-driven TLR-4 signaling in the absence of MD-2 protein.[@B15] We have previously demonstrated that Der p 2 can up-regulate the expression of MD-2 protein and augment inflammatory cytokine release in B cells.[@B18] Polymorphisms in the *MD-2* promoter region have been reported to cause increased mRNA production and to be correlated with the incidence of organ dysfunction and sepsis after major trauma.[@B19] It is conceivable that *MD-2* promoter polymorphism and *MD-2* gene expression may be associated with Der p 2-sensitive allergy.

In spite of the fact that 156 SNPs are identified within the whole *MD-2* gene, as shown in the public SNP database (dbSNP) ([www.ncbi.nlm.nih.gov](http://www.ncbi.nlm.nih.gov)), little is known about the functional significance of these SNPs. The promoter region of *MD-2* has been reported to be located within an upstream 2 kb sequence of the gene translational start site.[@B19] This promoter region includes 6 SNP sites ([Table 1](#T1){ref-type="table"}) within the *MD-2* gene according to the dbSNP. Several studies have indicated that genetic variations in the promoter region may affect the transcription of the target gene.[@B20] The promoter region plays an essential role in the regulation of gene transcription because it contains multiple transcription factor-binding sites.[@B20] Increasing evidence suggests that such genetic variants in the promoter region of the CD14 gene are associated with a high expression of soluble *CD14* (sCD14)[@B21] and that *MD-2* promoter polymorphisms may be an important genetic risk factor for susceptibility to post-traumatic sepsis and vital organ dysfunction.[@B19]

The aims of this study were to examine the genetic association of SNPs in the promoter region of *MD-2* with Der p 2-sensitive allergy and to investigate their possible functional significance by examining associations of clinical characteristics, such as total IgE, eosinophils, *D. pteronyssinus*-specific IgE, Der p 2-specific IgE, and the number of IgE-producing B cells induced by Der p 2, with the outcomes of patients with allergic symptoms. Identifying biological functions of the SNPs in the promoter region of *MD-2* would help researchers better understand clinical relevance between gene variations and susceptibility to Der p 2-sensitive allergy.

MATERIALS AND METHODS
=====================

Study individuals
-----------------

A total of 280 allergic subjects who attended the allergy and clinical immunology outpatient clinics, and 80 healthy subjects who received health checks at Taichung Veterans General Hospital were recruited in this study. Informed written consent was obtained from the participants after the study had been described in detail. The Institutional Review Board of our hospital reviewed and approved the ethical nature of this study (IRB No.CF12009, CF12010 and CF12085). Among the 280 allergic subjects, 172 had nasal symptoms (rhinitis), 146 had skin symptoms (atopic dermatitis or urticaria), and 81 had asthmatic symptoms (airway allergies). None of the healthy controls had immunological disease. Blood samples were drawn, and isolated sera were obtained for the measurement of specific IgE to *D. pteronyssinus*.

Genomic DNA preparation
-----------------------

Genomic DNA was isolated from blood samples using QIAamp DNA Blood kits (QIAGEN, Valencia, CA, USA) according to the manufacturer\'s instructions. The quality and quantity of the purified genomic DNA were checked by agarose gel electrophoresis and spectrophotometry. The DNA samples were stored at -80℃ until use.

Genotyping
----------

All of the SNPs in the entire *MD-2* promoter region were detected by polymerase chain reaction (PCR), followed by gel extraction of the PCR products and direct sequencing. The PCR products contained the entire 2 kb *MD-2* promoter region, which was amplified by forward primer AF: 5\'-ATTTTCTTCTTAAGTGTGCAGAT-3\' and reverse primer AR: 5\'-TCCACGGCCCCCAGAGGAT-3\'; forward primer BF: 5\'-TGGGGGCCGTGGACCAGTA-3\' and reverse primer BR: 5\'-TTTCAGTAAGCAGAAAAGATTTAAC-3\'. PCR was performed with denaturation at 94℃ for 5 minutes, followed by 94℃ for 50 seconds, 58℃ for 30 seconds, and 72℃ for 1 minute for 35 cycles, with a final extension at 72℃ for 10 minutes. The PCR products were purified and analyzed by an ABI 3100 sequencer (Applied Biosystems: ABI, CA, USA). Genotyping of 2 SNPs (rs1809441 and rs1809442) in the *MD-2* promoter region was performed using Custom TaqMan® SNP Genotyping Assay Mix (Rack ID: 4620713-1 and ID: 186819793-1) and TaqMan® Universal PCR Master Mix. The reactions were performed according to the manufacturer\'s protocol. Detection of the probe signal with 2 ABI fluorescent dyes (FAM™-Allele 1 and VIC®-Allele 2) was conducted using 96-well plates in an ABI Prism 7900 Real-Time PCR system (Applied Biosystems). Duplicate samples and negative controls were included to ensure genotyping accuracy.

Determination of IgE antibodies in sera against mite and allergen Der p 2
-------------------------------------------------------------------------

We collected 5 mL of blood samples in serum separator tubes (Kendall Healthcare, Mansfield, MA, USA) and processed within 4 hours. The serum samples were stored at -20℃ until analysis. Specific IgE against *D. pteronyssinus* was measured using ImmunoCap® (Thermo Fisher Scientific Inc. Manufacturer: Phadia AB, Uppsala, Sweden) with a UniCAP 250 system according to the manufacturer\'s instructions. A concentration of greater than 0.35 kU/L was considered positive. The concentration ranged from 0.35 to 100 kU/L. The assay was performed automatically, and the results were calibrated against the World Health Organization standard for IgE. Serum total IgE was measured by ImmuneCAP cellulose solid phase with the ImmuneCAP Total IgE assay (Thermo Fisher Scientific Inc. Manufacturer: Phadia AB, Uppsala, Sweden). The recombinant allergen of *D. pteronyssinus*, Der p 2, was prepared and used to analyze IgE reactivity by enzyme-linked immunosorbent assay (ELISA) as previously described.[@B22]

B cell culture with enzyme-linked immunoSpot (ELISPOT) assay
------------------------------------------------------------

Human peripheral blood mononuclear cells (PBMCs) were prepared by density centrifugation in Ficoll-paque™PLUS. B cells were then purified by negative selection with a B-cell isolation kit. Non-B cells were indirectly magnetically labeled using a cocktail of biotin-conjugated antibodies against CD2, CD14, CD16, CD36, CD43, and CD235a (glycophorin A), and Anti-Biotin MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany). Isolation of highly pure B cells was achieved by depletion of the magnetically labeled cells. Purified B cells were cultured with Der p 2 (10 µg/mL) in the presence of IL-4 (30 ng/mL), IL-21 (25 ng/mL), and anti-CD40 (1 µg/mL) for 5 days in a CO~2~ incubator. ELISPOT assays were performed using Mabtech™ ELISpot plus Human IgE kits (MABTECH AB, Nacka Strand, Sweden). The number of spot-forming cells in each well was automatically counted with a CTL-ImmunoSpot Analyzer (Cellular Technology Ltd., Shaker Heights, OH, USA).

Statistical analysis
--------------------

All statistical analyses were performed using the SPSS software (version 22; SPSS Inc, Chicago, IL, USA). The SPSS Sample Power 2.0 was used for power calculation analysis. The genotype frequency at each SNP was examined for significant departure from Hardy-Weinberg equilibrium by using a χ^2^ test. Differences in genotype frequency between allergic patients and controls were analyzed by using a χ^2^ test and by calculating the odds ratio with 95% confidence interval. Linkage disequilibrium between loci was measured by using the absolute value of Lewontin \|*D\'*\| and r^2^. The sample power calculation for the association study was \>0.8 when at the 2-tailed α=0.05 level. Two-tailed *P* values lower than 0.05 were considered statistically significant.

RESULTS
=======

Genotype differences in the *MD-2* gene promoter region between allergic and healthy subjects
---------------------------------------------------------------------------------------------

Six SNPs of the *MD-2* gene promoter region were identified and used to compare the differences in genotype and allelic frequency between allergic and healthy subjects. Three SNPs, rs1809441, rs1809442, and rs16938754, were found to be significantly different between allergic and healthy subjects for the test genotype (*P*\<0.05) ([Table S1 in Supplementary data](#S1){ref-type="supplementary-material"}). Furthermore, the frequencies of the G allele of rs11465996, the T allele of rs1809441 and the G allele of rs1809442 were found to be significantly higher in allergic subjects compared to healthy subjects (*P*\<0.05) ([Table S2 in Supplementary data](#S2){ref-type="supplementary-material"}). Based on the 1,000 genome project data, the minor allele frequencies of the rs1809441 and rs1809442 are 0.467 and 0.474, respectively. However, the correlation of linkage disequilibrium (LD) between these 2 SNPs is D\'=1.

We first tested a smaller cohort, and then recruited more allergic subjects (n=280) with *D. pteronyssinus* sensitivity and healthy controls (n=80) who were not sensitive to *D. pteronyssinus*. They were enrolled and genotyped for *MD-2* promoter SNPs rs1809441 and rs1809442 to confirm the genotype differences between these 2 populations. Similar results were observed in that the TT genotype of rs1809441 and GG genotype of rs1809442 were found to be more frequent in allergic subjects than in healthy subjects (16.1% vs 2.5%) ([Table 1](#T1){ref-type="table"}). Significant differences in serum total IgE and Der p 2-specific IgE were observed between allergic subjects and healthy controls ([Table S3 in Supplementary data](#S3){ref-type="supplementary-material"}).

Genetic associations between *MD-2* gene promoter SNPs and mite-specific IgE
----------------------------------------------------------------------------

Genetic associations between *MD-2* gene promoter SNPs and serum levels of mite-specific IgE were examined and analyzed between allergic and healthy subjects. The results showed that allergic patients with the GT and TT genotypes in SNP rs1809441 exhibited significantly higher serum specific IgE levels to *D. pteronyssinus* and Der p 2 than those with the GG genotype ([Table 2](#T2){ref-type="table"}). The CG and GG genotypes in SNP rs1809442 were also associated with a high serum IgE level in allergic subjects ([Table 3](#T3){ref-type="table"}).

The relationships of each genotype of the *MD-2* gene promoter SNPs rs1809441 and rs1809442 with serum specific IgE levels to *D. pteronyssinus* and Der p 2 in allergic subjects were analyzed to further confirm the genotype association of their serum specific IgE levels to *D. pteronyssinus* and Der p 2. The *D. pteronyssinus*-specific IgE levels were measured using ImmunoCap®, and a value of greater than 0.35 kU/L was considered positive. The specific IgE levels to Der p 2 were measured by ELISA, and absorbance greater than 0.03 at an optical density of 405 nm was considered positive. The results showed that the GT and TT genotypes in rs1809441 and the GC and GG genotypes in rs1809442 occurred more frequently in allergic subjects with positive IgE to *D. pteronyssinus* and Der p 2 than in those without ([Table S4 in Supplementary data](#S4){ref-type="supplementary-material"}). A total of 360 subjects were analyzed for relationships between genotypes and serum IgE levels, and the results showed that the GT and TT genotypes in SNP rs1809441 were associated with a high level of serum specific IgE to *D. pteronyssinus*/Der p 2 and that the GG genotype was associated with a low serum IgE level in allergic subjects ([Table 2](#T2){ref-type="table"}). The GC and GG genotypes in SNP rs1809442 were associated with a high serum level of IgE to *D. pteronyssinus*/Der p 2, and the CC genotype was associated with a low serum level in allergic subjects ([Table 3](#T3){ref-type="table"}).

Clinical characteristics of different genotypes in *MD-2* gene promoter SNPs
----------------------------------------------------------------------------

Genetic associations were examined between the 6 genetic polymorphisms in the *MD-2* gene promoter region with clinical characteristics, including age, eosinophils, total IgE, *D. pteronyssinus*-specific IgE, Der p 2-specific IgE, and the number of B cells which could produce IgE after Der p 2 challenge. There were significant associations between 3 MD-2 promoter SNPs (rs1809440, rs1809441, and rs1809442) and clinical parameters of Der p 2 allergy, such as Der p 2-specific IgE and Der p 2-activated B cells (*P*\<0.05) ([Table 4](#T4){ref-type="table"}). Allergic patients carrying the homozygous TT genotype of SNP rs1809441 and the GG genotype of rs1809442 exhibited significantly higher levels of serum total IgE, mite-specific IgE, Der p 2-specific IgE, and the number of Der p 2-activated B cells than those with the GG (rs1809441) and CC (rs1809442) genotypes (*P*\<0.05) ([Table 4](#T4){ref-type="table"}).

Odds ratios of allergic symptoms between different genotypes in *MD-2* gene promoter SNPs
-----------------------------------------------------------------------------------------

The odds ratios of allergic symptoms, including nasal, skin, and airway, were compared between different genotypes of SNP rs1809441 and rs1809442 in the *MD-2* promoter region. The results showed the GT and TT genotypes of rs1809441 were significantly associated with the prevalence of allergic diseases, including nasal, skin, and asthmatic symptoms compared to the GG genotype (*P*\<0.001) ([Table 5](#T5){ref-type="table"}), whereas the GC and GG genotypes of rs1809442 were positively associated with the prevalence of the allergic symptoms (*P*\<0.001). When the homozygous genotypes (TT genotype of rs1809441; GG genotype of rs1809442) were compared to the heterozygous genotypes (GT genotype of rs1809441; GC genotype of rs1809442), the prevalence of all 3 features of allergic symptoms were higher in the homozygous genotypes, especially nasal symptom, which were 4-fold increases in comparison to the heterozygous genotypes.

DISCUSSION
==========

Sensitization to the house dust mite *D. pteronyssinus* is a considerable risk factor for the progression of allergic diseases, such as asthma, rhinitis, and dermatitis.[@B23] Recently, several large-scale genomewide association studies have been conducted to identify susceptibility loci for asthma, and their results showed an associated locus on chromosome 17q21 embodying the genes *ORMDL3*, *GSDMB*, and *ZPBP2*.[@B24] Genome-wide associations between asthma and SNPs have also been observed in rs3771166 (*IL1RL1/IL18R1*), rs9273349 (*HLA-DQ*), rs1342326 (*IL-33*), rs744910 (*SMAD3*), and rs2284033 (*IL2RB*).[@B25] Three SNPs (rs7775228, rs2155219, and rs17513503) at different loci have been identified in a genomewide meta-analysis, which are significantly associated with the risk of allergic and grass sensitization.[@B26] Furthermore, 3 SNPs (rs3918392, rs528557, and rs2787093) in the *ADAM33* gene have been reported to be significantly associated with mite-sensitized persistent allergic rhinitis.[@B27]

Despite the genomewide meta-analysis studies of genetic variants associated with allergic rhinitis and mite sensitization, no research has focused on interactions between mite sensitization and SNPs in the *MD-2* promoter region. In this study, 6 SNPs in the proximal promoter region of the *MD-2* gene were analyzed, and 2 SNPs (rs1809441 and rs1809442) in the *MD-2* promoter region had statistically significant differences between *D. pteronyssinus*-allergic patients and healthy controls when the genotypes and allele frequencies were compared. These 2 SNPs of the *MD-2* promoter were associated with the presence of high levels of *D. pteronyssinus*- and Der p 2-specific IgE in the sera of the mite allergy group. Significant associations were also observed between the 2 SNPs of the *MD-2* promoter region and high expressions of Der p 2 allergy characteristics, such as Der p 2-specific IgE and Der p 2-activated B cells, in allergic patients. These results suggest that these SNPs in the promoter regions may indicate genes that are susceptible to allergic inflammation caused by *D. pteronyssinus*, and supports the hypothesis that genetic polymorphisms in the *MD-2* promoter region significantly contribute to susceptibility to Der p 2 allergy.

MD-2/TLR-4 signaling has been reported to be involved in many disease processes, including allergy and asthma,[@B28] inflammatory bowel disease,[@B29] increased susceptibility to infection,19 autoimmune encephalomyelitis,[@B30] and multiple sclerosis.[@B30] Therefore, it is conceivable that the MD-2/TLR-4 complex could be a genetic candidate for a variety of inflammatory diseases. The rationale for this study is that MD-2 protein and Der p 2 have structural homology. There are statistically significant differences in associations between the SNPs in the promoter region of the *MD-2* gene and *D. pteronyssinus* allergy. In addition, Der p 2-driven inflammatory responses in PBMCs derived from allergic patients sensitized to *D. pteronyssinus* are different among different genotypes. Although the importance of MD-2/TLR-4 signaling in LPS responses is well known, the role of Der p 2 in the MD-2/TLR-4 pathway remains controversial.

The role of Der p 2 in the up-regulation of *MD-2* expression could not be simply understood due to the structural homology of Der p 2 and *MD-2* protein. It has been reported that Der p 2-associated allergic diseases are Th2-dependent and that Th2-cell activation is associated with the expression of the GATA-3 gene. Based on the database of the TRANSFAC MATRIX TABLE transcription factor binding site, the sequence fragments of rs1809441 and rs1809442 were highly correlated with the binding sites of transcription site GATA-3 (data not shown). This suggests that Der p 2 may trigger the promoter of *MD-2*, followed by activation of GATA-3 and Th2 cells. Although the 2 SNPs (rs1809441 and rs1809442) identified in this way may be related to binding of transcription factor GATA-3 by silico analysis tools (bioinformatics), a report gene promoter assay needs to be further clarified that it will be helpful in elucidating the effect of *MD-2* (*LY-96*) gene promoter SNPs in the *MD-2* (*LY-96*) gene expression.

Since *MD-2* protein can play an important role as a cofactor with cell surface TLR-4 and recognition of LPS and since group 2 allergenic components of house dust mite Der p 2 have been reported to serve as an accessory protein in TLR-4 signaling, both LPS and Der p 2 may affect host cells synergistically. In our PBMC study, the number of B cells which could produce IgE was up-regulated by Der p 2 in subjects with both SNP mutants (rs1809441 and rs1809442), suggesting that Der p 2 could trigger a large amount of IgE antibodies in these subjects. B-cell activation and production of specific IgE augmented by Der p 2 in these subjects may also be due to the overexpression of *MD-2*. Our study showed that the SNPs of MD-2 promoter region to had a high association with Der p 2-specific IgE in the sera and that there was an increase in IgE-producing B cells after Der p 2 stimulation as assessed by ELISpot (*P*\<0.001). Therefore, Der p 2-triggered MD-2/TLR-4 signaling may play an important role only in Der p 2-specific IgE synthesis. MD-2 protein is believed to be a significant accessory protein in TLR-4 signaling, which is involved in bacterial recognition, activation of inflammatory cascades, and many disease processes, including increased susceptibility to infection, inflammatory bowel disease, and allergy. Therefore, it is reasonable to speculate that *MD-2* could be a candidate for genetic modification for a variety of inflammatory and atopic diseases.

According to data from a publicly available database (dbSNP, <http://www.ncbi.nlm.nih.gov/SNP>), allelic frequencies of genetic variations in the *MD-2* gene promoter region vary according to ethnicity (for example, rs1809440 C-allele: 0.479 in African Americans and 0.325 in Europeans). These differences may result in diverse genetic roles of these polymorphisms in different populations with regards to the occurrence of certain diseases. Therefore, additional studies are needed to clarify the precise role of these polymorphisms in the pathogenesis of Der p 2 allergy and specific IgE synthesis.

The limitations of this study were that only the promoter region of *MD-2* was analyzed and that a limited number of subjects were included. The real significance of *MD-2* gene regulation in Der p 2-induced allergic inflammation requires studies with more patients and investigating more genes.

In conclusion, although the pathogenesis of mite allergy may be different among various ethnic popgest that polymorphisms in the *MD-2* promoter region may be associated with Der p 2-specific IgE and play a major role in susceptibility to Der p 2-triggered immune responses in a Taiwanese population.
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Supplementary Material
======================

###### Comparison of genotypic frequency of SNPs in the *MD-2* gene promoters region between allergic and healthy subjects

![](aair-7-249-s001)

  *MD-2* promoter SNP No.   Genotype     Allergy (n=52)   Healthy (n=50)   *P*
  ------------------------- ------------ ---------------- ---------------- -------
  rs11465996                CC           43 (82.7%)       46 (92.0%)       0.124
  CG                        5 (9.6%)     4 (8.0%)                          
  GG                        4 (7.7%)     0 (0.0%)                          
  rs1809442                 CC           30 (57.7%)       35 (70.0%)       0.008
  CG                        13 (25%)     13 (26.0%)                        
  GG                        9 (17.3%)    2 (4.0%)                          
  rs1809441                 GG           30 (57.7%)       35 (70.0%)       0.008
  GT                        13 (25%)     13 (26.0%)                        
  TT                        9 (17.3%)    2 (4.0%)                          
  rs1809440                 AA           42 (80.8%)       39 (78.0%)       0.251
  AG                        2 (3.8%)     6 (12.0%)                         
  GG                        8 (15.4%)    5 (10.0%)                         
  rs16938754                GG           2 (3.8%)         0 (0.0%)         0.047
  GT                        0 (0.0%)     4 (8.0%)                          
  TT                        50 (96.2%)   46 (92.0%)                        
  rs7842342                 AA           2 (3.8%)         2 (4.0%)         0.199
  TA                        0 (0.0%)     3 (6.0%)                          
  TT                        50 (96.2%)   45 (90.0%)                        

*P* for Chi-square test; *P*\<0.05 significance level.

###### Comparison of allele frequencies of SNPs in the *MD-2* gene promoter region between allergic and healthy subjects

![](aair-7-249-s002)

  *MD-2* promoter SNP No.   Allele        Allergy (n=52)   Healthy (n=50)   *P*
  ------------------------- ------------- ---------------- ---------------- -------
  rs11465996                C             91 (87.5%)       96 (96.0%)       0.029
  G                         13 (12.5%)    4 (4.0%)                          
  rs1809442                 C             73 (70.0%)       83 (83.0%)       0.030
  G                         31 (30.0%)    17 (17.0%)                        
  rs1809441                 G             73 (70.0%)       83 (83.0%)       0.030
  T                         31 (30.0%)    17 (17.0%)                        
  rs1809440                 A             86 (82.7%)       84 (84.0%)       0.805
  G                         18 (17.3%)    16 (16.0%)                        
  rs16938754                G             4 (3.8%)         4 (4.0%)         0.942
  T                         100 (96.2%)   96 (96.0%)                        
  rs7842342                 A             4 (3.8%)         7 (7.0%)         0.317
  T                         100 (96.2%)   93 (93.0%)                        

*P* for the Chi-square test; *P*\<0.05 significance level.

###### Comparison of *Dermatophagoides pteronyssinus* and Der p 2 serum IgE between allergic and healthy subjects

![](aair-7-249-s003)

  Group         Allergy (n=280)   Healthy (n=80)   *P*                         
  ------------- ----------------- ---------------- ------ ------ ------ ------ ------------
  Der p 2 IgE   0.05              0.02             0.35   0.03   0.02   0.03   2.0×10^-8^
  Dp IgE        1.47              0.25             6.03   0.21   0.12   0.25   

Dp IgE, specific IgE to the dust mite *Dermatophagoides pteronyssinus*; Q1, Quartile 1: the median of the lower half of the data set; Q3, Quartile 3: the median of the upper half of the data set.

###### Comparison the positive rate of *D. pteronyssinus* and Der p 2 serum IgE of SNPs in the *MD-2* gene promoter region among different genotypes in allergic subjects

![](aair-7-249-s004)

  *MD-2* promoter SNP No.   Genotype   Der p 2 IgE   *P*     Dp IgE   *P*                                             
  ------------------------- ---------- ------------- ------- -------- ------- ------------- ---- ------- ---- ------- ------------
  rs1809441                 GG         119           73.5%   76       38.4%   1.3×10^-13^   71   75.5%   71   39.0%   5.7×10^-9^
  GT                        42         25.9%         76      38.4%    21      22.3%         68   37.4%                
  TT                        1          0.6%          46      23.2%    2       2.1%          43   23.6%                
  rs1809442                 CC         119           73.5%   76       38.4%   1.3×10^-13^   71   75.5%   71   39.0%   5.7×10^-9^
  GC                        42         25.9%         76      38.4%    21      22.3%         68   37.4%                
  GG                        1          0.6%          46      23.2%    2       2.1%          43   23.6%                

*P* for the Chi-square test; Dp IgE (+): Specific IgE to the dust mite *D. pteronyssinus* measured by ImmunoCap® with a value greater than 0.35 kU/L was considered positive; Der p 2 IgE (+): Specific IgE to Der p 2 measured by ELISA with an absorbance greater than 0.03 at an optical density of 405 nm was considered positive.

###### Comparison of 2 SNPs in the *MD-2* gene promoter region between allergic and healthy subjects

![](aair-7-249-i001)

  *MD-2* promoter SNP No.   Genotype     Allergy (n=280)   Healthy (n=80)   *P*
  ------------------------- ------------ ----------------- ---------------- -------
  rs1809441                 GG           145 (51.8%)       50 (62.5%)       0.006
  GT                        90 (32.1%)   28 (35.0%)                         
  TT                        45 (16.1%)   2 (2.5%)                           
  rs1809442                 CC           145 (51.8%)       50 (62.5%)       0.006
  GC                        90 (32.1%)   28 (35.0%)                         
  GG                        45 (16.1%)   2 (2.5%)                           

*P* for Chi-square test.

###### Comparison of serum IgE levels of SNP No. rs1809441 in the *MD-2* gene promoter region between allergic and healthy subjects

![](aair-7-249-i002)

  *MD-2* promoter SNP No. rs1809441   Genotype                                                                                                  
  ----------------------------------- ------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------- ------------- -------------
  Allergy                             Der p 2 IgE   145    0.02   0.02   0.17   90     0.12   0.03   0.35   45     0.56   0.35    0.91          2.8×10^-17^
  Dp IgE                              142           0.37   0.16   2.51   89     2.41   0.36   6.82   44     5.80   2.28   14.96   2.1×10^-10^   
  Healthy                             Der p 2-IgE   50     0.02   0.01   0.03   28     0.03   0.02   0.03   2      0.03   0.03                  0.076
  Dp IgE                              50            0.31   0.21   0.42   28     0.28   0.23   0.33   2      0.24   0.24           0.084         
  Total                               Der p 2 IgE   195    0.02   0.02   0.06   118    0.04   0.02   0.25   47     0.55   0.31    0.86          4.4×10^-20^
  Dp IgE                              192           0.36   0.17   1.97   117    1.90   0.33   5.27   46     5.56   2.19   14.32   2.1×10^-10^   

*P* for the Kruskal-Wallis test.

Dp IgE, specific IgE to the dust mite *Dermatophagoides pteronyssinus*.

###### Comparison of serum IgE levels of SNP No. rs1809442 in the *MD-2* gene promoter region between allergic and healthy subjects

![](aair-7-249-i003)

  *MD-2* promoter SNP No. rs1809442   Genotype                                                                                                  
  ----------------------------------- ------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------- ------------- -------------
  Allergy                             Der p 2 IgE   145    0.02   0.02   0.17   90     0.12   0.03   0.35   45     0.56   0.35    0.91          2.8×10^-17^
  Dp IgE                              142           0.37   0.16   2.51   89     2.41   0.36   6.82   44     5.80   2.28   14.96   2.1×10^-10^   
  Healthy                             Der p 2-IgE   50     0.02   0.01   0.03   28     0.03   0.02   0.03   2      0.03   0.03                  0.076
  Dp IgE                              50            0.31   0.21   0.42   28     0.28   0.23   0.33   2      0.24   0.24           0.084         
  Total                               Der p 2 IgE   195    0.02   0.02   0.06   118    0.04   0.02   0.25   47     0.55   0.31    0.86          4.4×10^-20^
  Dp IgE                              192           0.36   0.17   1.97   117    1.90   0.33   5.27   46     5.56   2.19   14.32   2.1×10^-10^   

*P* for the Kruskal-Wallis test.

Dp IgE, specific IgE to the dust mite *Dermatophagoides pteronyssinus*.

###### Comparison of clinical characteristics of 2 SNPs in the *MD-2* gene promoter region among different genotypes in allergic patients (n=52)

![](aair-7-249-i004)

  SNP No.     Genotype   Age       Total IgE   Eosinophils   Dp IgE   ELISPOT   Der p2-IgE                                            
  ----------- ---------- --------- ----------- ------------- -------- --------- ------------ ------- -------- -------- ------- ------ ------
  rs1809442   CC         42.87     3.65        164.58        34.39    200.33    35.72        1.34    0.70     336.20   46.44   0.33   0.04
  CG          31.64      4.87      877.76      229.97        354.29   72.90     13.82        6.77    622.86   115.75   0.69    0.07   
  GG          27.38      5.63      2,022.39    706.31        362.50   51.82     42.12        17.12   684.38   138.27   0.89    0.14   
  *P^a^*      0.047      \<0.001   0.003       \<0.001       0.012    \<0.001                                                         
  rs1809441   GG         38.59     3.56        350.39        103.55   240.00    33.79        5.17    2.98     317.44   34.58   0.40   0.05
  GT          45.00      8.63      304.15      96.45         211.67   55.22     3.35         1.66    579.67   153.48   0.43    0.08   
  TT          30.50      4.25      1,708.12    536.24        370.00   86.93     31.23        12.11   834.17   126.55   0.87    0.11   
  *P^a^*      0.313      0.004     0.269       0.001         0.001    0.002                                                           

*P*^a^ for the Kruskal-Wallis test.

S.E.M., standard error of mean; ELISPOT, The number of B-cells which could produce IgE after Der p2 stimulation; Dp IgE, specific IgE to the dust mite *Dermatophagoides pteronyssinus*; Der p2-IgE, specific IgE to the dust mite *Dermatophagoides pteronyssinus* group 2 allergen Der p 2.

###### Comparison the odds ratios of allergic symptoms of 2 SNPs in the *MD-2* gene promoter region among different genotypes (n=280)

![](aair-7-249-i005)

  Gene *MD-2*           Nasal symptoms   Skin symptoms   Asthmatic symptoms                                                                    
  ------------- ------- ---------------- --------------- -------------------- ------- ------ ------- --------- ------ ------ ------- --------- --
  rs1809441     GG      1.00                                                          1.00                            1.00                     
  GT            3.11    1.77             5.48            \<0.001              7.65    4.21   13.90   \<0.001   3.02   1.64   5.59    \<0.001   
  TT            12.27   4.18             36.04           \<0.001              17.06   6.71   43.40   \<0.001   6.05   2.89   12.65   \<0.001   
  rs1809442     CC      1.00                                                          1.00                            1.00                     
  GC            3.11    1.77             5.48            \<0.001              7.65    4.21   13.90   \<0.001   3.02   1.64   5.59    \<0.001   
  GG            12.27   4.18             36.04           \<0.001              17.06   6.71   43.40   \<0.001   6.05   2.89   12.65   \<0.001   

OR, odds ratio for allergic diseases.
